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¥ ! Spatial Autocorrelation: Moran’s | Statistic

Product of the deviation from the mean

/ for all pairs of adjacent regions (w;=1)
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Essentially a measure of Sum of the weights (count
variance across the regions of all adjacent pairs)

» n = number of regions

» w; = measure of spatial proximity between region i and |




# ¥ ° Moran Scatter Plots

Moran’s | can be interpreted as the correlation between variable, X, and
the “spatial lag” of X formed by averaging all the values of X for the
neighboring polygons.

Maran's I= 05237

Lag X;
is average
of these

Least squares “best fit” line to the
points.

- The slope of this regression line is
CRIME Moran’s |
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Correlogram: plot distance on X-axis against correlation coefficient on Y-axis
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# ¥ - Getis-Ord General G-statistic

Moran’s | & 7% & %)

“ hot spots” or “cold spots”
Spatial Concentration method
Definition

Z Z wj; (d)x;x j d : neighborhood distance

G(d) =
> ) xix j W, : 1 ifitis within d, O otherwise

Calculation of G must begin by identifying a neighborhood
distance within which cluster is expected to occur



Join (Joint) Counts Statistics

* |tis used for binary nominal data such as 1/0, yes/no and

urban/rural counties.

* The binary variable is denoted by two colors, black (B) and
white (W)

* The method measures the spatial relationships between
similar or dissimilar attributes in adjacent areas.




‘ Join (Joint) Counts Statistics

= If a given attribute of 1 occurs in an area, then the
area will be assigned B. If it does not and has an
attribute of O, then it will be assigned W.

= If two neighboring areas share a common boundary,
they are conceptualized as joined.
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Join counts

BB (black-black) joins:
1
BB = EZZHJ#I;@
BW (black—-white) joins:
1
BW — EZZTEE(I@ — I‘J;)E
WW (white-white) joins:

WIW — %ZZH?,}-(l— x;)(1—x;)

where x; is the observer value for variant X, x, = 1 when the ith area is B, and
x; = 0 when the ith area is W, and w;; is weight for each pair of objects 7 and j.



Examples

Positive autocorrelation

No autocorrelation

=y

Negative autocorrelation

o

Rook's case

JEE =27
Dy = 27

Jow =6

Jpg =6
R = 18
Jaw =35

Jyw =0
JE".-"'-.I' = 60

Queen's case

JLmn =4f
JEW =16

Jgg = 14
Fpa =40
Jgy = 56

JEEI- =25
Jm.nui...' = 25
JB'I.-"'.’ = 60

Large proportion of
BB and WW joins

Different numbers
of BW, BB and WW
joins

Large number of
BW joins;

Small number of BB
and WW joins



Join Count: Test Statistic

~ Observed —Expected

V4

O Expected

e Each of the null hypotheses for the three types of joins
determines whether the compared differences are
statistically significant at p-value less than 0.05.

* This is done by calculating the Z-test for each join and
deciding whether the null hypothesis is true.



Join Count: Test Statistic _ Observed —Expected

Z

T Expected

Expected = random pattern generated by tossing a coin in each cell.
E(Jgg) = kp

Expected /B) ])(3

Counts E (J ww) = kp ‘&

E(Jpw) = 2kpppy

E(spp) = \’,.»""kplf; + 2/77,1)",33 — (k4 2m)py

Based on free (normality) sampling
Standard Deviation of )

Expected Counts E(sww) = \,."":/8])"\“),\,- + 2mpd; — (k + 2m D5
(Standard Error)

E(spw) = \,."""2(/8 +m)pppw — 4(k + 2m)p3 pZ;

where: k is the total number of joins (neighbors)
pg is the expected proportion Black, if random
py is the expected proportion White T
m s calculated from k according to: z;k,;ffai ~1)



Example

Areal Pattern A
:: :: ((; 8 g g Case Rook’s Bishop’s Queen's

aloloiold BB 30 23 53
> TaTololol0 BW 8 12 20
WW 22 15 37
:: :: :: :: ?) 8 n 36 36 36
Areal Pattern A B 20 2[] 2 [}
W 16 16 16

Total 60 50 110

Epg 181 15.1 33.2

Egw 305 254 55.9

Eww 114 9.52 20.9

Zpg 547 3.09 5.15

Zpy —6.02 392 —7.49

Zyw 512 241 4.76




Monte-Carlo Significance Test

Permutation test (£t 7| <)

Q

The null hypothesis is that the data were determined and
then assigned to their spatial locations at random.

The alternative is that the assignment to each location
depended on the assignment at that location's neighbors.
The permutation test does not randomize over the possible
sets of data values--it considers them given--

but conditional on the data observed, considers all possible

ways of reassigning them to the locations.



‘ Monte-Carlo Significance Test
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HEHE : join_count_monte_carlo.html

Join Count Statistic & Monte Carlo Test
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Case Study: Gore/Bush Presidential Election 2000

Is there evidence of clustering by State?
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Total number of joins =
109

Actual
Jbb 60
Jgg 21
Jbg 28

Total 109




Case Study: Gore/Bush Presidential Election 2000

Actual Expected Stan Dev Z-score

Jbb 60 27.125 8.667 3.7930
Jgg 21 27.375 8.704  -0.7325
Jbg 28 54.500 5220  -5.0763
Total 109  109.000

There are far more Bush/Bush joins (actual = 60) than would be expected (27)

— Since test score (3.79) is greater than the critical value (2.54 at 1%) result is
statistically significant at the 99% confidence level (p <= 0.01)

— Strong evidence of spatial autocorrelation—clustering
There are far fewer Bush/Gore joins (actual = 28) than would be expected (54)

— Since test score (-5.07) is greater than the critical value (2.54 at 1%) result
is statistically significant at 99% confidence level (p <= 0.01)

— strong evidence of spatial autocorrelation—clustering



R code: joincount.test() and joincount.multi

spdep (version 1.1-7)
joincount.test: BB join count statistic for k-coloured factors

Description
The BB join count test for spatial autocerrelation using a spatial weights matrix in weights list form for testing whether saume-colour joins occur more

frequently than would be expected if the zones were labelled in a spatially random way. The assumptions underlying the test are sensitive to the form of the

graph of neighbour relationships and other factors, and results may be checked against those of ~joincount.me™ permutations.

Usage

joincount_test(fx, listw, zero.policy=NULL, alternative="greater"”,

sampling="nonfree”, spChk=NULL, adjust.n=TRUE)
# S3 method for jclist
print(x, ...)

spdep (version 1.1-7)

joincount.multi: BB, BW and Jtot join count statistic for k-coloured
factors

Description
A function for tallying join counts between same-colour and different colour spatial objects, where neighbour relations are defined by a weights list. Given

the global counts in each colour, expected counts and variances are calculated under non-free sampling, and a z-value reported. Since multiple tests are

reported, no p-values are given, allowing the user to adjust the significance level applied. Jtot is the count of all different-colour joins.

Usage

joincount.multi({fx, listw, zero.policy = FALSE,

spChk = NULL, adjust.n=TRUE)
# S3 method for jemulti
print(x, ...)




R code

TWPOP_sf <- st_read("Popn_TWN2.shp",options = "encoding=Big5" )
ID <- TWPOP_sfSCOUNTY_ID

Sel <- ID =="65000" | ID == "63000"

NorthTW_sf <- TWPOP_sf[Sel,] #Wf%E&E : &4E + #rdb

# ERMITRE AR Rb S
TWN_nb <- poly2nb(NorthTW _sf) #QUEEN = TRUE
TWN_nb_w <- nb2listw(TWN_nb, zero.policy=T)

# T8RN  EEEE it BRS8N fa
ave <- mean(NorthTW_sfSAOA14 CNT)
max <- max(NorthTW_sfSAOA14 CNT)

HIPOP <- cut(NorthTW_sfSAOA14_CNT, breaks=c(0,ave,max), labels=c("LOW","HIGH"))
names(HIPOP) <- rownames(NorthTW _sf)

joincount.test(HIPOP, TWN_nb_w)

joincount.multi(HIPOP, TWN_nb_w)




R code: Results

> joincount. test(HIPOP, TWN_nb_w)
Join count test under nonfree sampling

data: HIPOP
weights: TWN_nb_w

Std. deviate for LOW = 3.2383, p-value = 0.0006013

alternative hypothesis: greater

sample estimates:

Same colour statistic Expectation vVariance
7.7702381 5.7750000 0.3796304

Join count test under nonfree sampling

data: HIPOP
weights: TWN_nb_w

Std. deviate for HIGH = 4.4985, p-value = 3.421e-06

alternative hypothesis: greater

sample estimates:

Same colour statistic Expectation Variance
6.9260823 4.2750000 0.3473002

20000 40000 60000




R code: Results (cont’d)

> joincount.multi(HIPOP, TwWN_nb_w)
Variance z-value

Joincount Expected
LOW:LOW 7.77024 5.77500
HIGH :HIGH 6.92608 4.27500
HIGH:LOW 5.80368 10.45000
Jtot 5.80368 10.45000

0.37963
0. 34750
1.03357
1.03357

3.2383
4.4985
-4.5702
-4.5702

20000 40000 60000



R code: M & LA _ERYEE R

cutl <- quantile(NorthTW_sfSAOA14 CNT,0.33)
cut2 <- quantile(NorthTW_sfSAOA14 CNT,0.66)
max <- max(NorthTW_sfSAOA14 CNT)

HIPOP <- cut(NorthTW_sfSAOA14 CNT, breaks=c(0, cutl, cut2, max),
labels=c("LOW","MID","HIGH"))
names(HIPOP) <- rownames(NorthTW _sf)

joincount.test(HIPOP, TWN_nb_w)
joincount.multi(HIPOP, TWN_nb_w)

40000 60000

20000




R code: Results

> Jjoincount.multi (HIPOP, TwWN_nb_w)

LOW:LOW
MID:MID
HIGH:HIGH
MID:LOW
HIGH:LOW
HIGH:MID
Jtot

(Lo T N N0 T N I W R N N =

2.

27500

1.95000

Z2.27500
4.55000
4.
A
4

90000

. 55000
. 00000

o e I e I e I e I e I

Joincount Expected Variance
.45476
. 33810
.94333
.71548
.25364
.79470
.76382 1

. 25067
22705
. 25067
. 54680
.57924
. 54680
90287

Z-value

. 3337
L8145
. 3322
. 4809
L4771
. 3309
L4582

20000 40000 60000
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library(sf)

data = ¢(20,20,20,20,10,30,20,20,30)

sfc = st_sfc(st_polygon(list(rbind(c(0,0), c(1,0), c(1,1), c(0,0)))))
grid = st_as_sf(st_make grid(sfc, cellsize = .4))

gridSdata = data

gridSdata_factor = as.factor(gridSdata)

# 1B 3T B pE
w_list = nb2listw(poly2nb(grid,queen=F),style="B")
w = nb2mat(poly2nb(grid,queen=F),style="B")
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Table 3. Summary of join-count analysis results, using standard normal deviates. See text
for explanation of positive (+) or negative (—) spatial autocorrelation designations. P =
number of ponds in which a species was present in 1996. Values shown for the BB, BW,
and WW statistics are the significance levels (p-values) of the statistics; asterisks denote
p-values considered significant (< 0.100) for this study

Species Autocorrelation P BB BW WWw
Attheyella sp. — 7 0.100°  0.330 0.079*
Cryptocyclops bicolor + 4 0.032% 0.122 0.057*
Cyclops nearcticus — 2 0.063*  0.023*  0.019*
Cyclops haueri + 2 0.259 0.066*  0.067*
Cypridopsis sp. 7 0.144 0.350 0.251
Cyprois sp. - 10 0.068* 0.041* 0.318
Eubranchipus serratus 6 0.129 0.342 0.317
Lynceus brachyurus — 9 0.233 0.147 0.015*
Osphranticum labronectum — — 3 0.329 0.008*  0.014*
Scapholeberis mucronata - 7 0.200 0.100*  0.452
Simocephalus exspinosus — 8 0.422 0.013*  0.027*
Simocephalus serrulatus - 3 0.034 0.170 0.104




